Objectives. We sought to describe Black-White differences in HIV disease mortality before and after the introduction of highly active antiretroviral treatment (HAART).
among Whites aged 25 years and older did not meet confidentiality criteria (at least 6 deaths from HIV) and 1 additional county in which there were too few deaths from HIV in the years 1990 to 1993 to meet confidentiality criteria for Blacks or Whites; data for those years (1990) (1991) (1992) (1993) were used as a predictor for post-HAART mortality in the multivariable analyses. After these exclusions, 140 counties remained. The broad age group allowed inclusion of the greatest possible number of counties. These remaining counties comprised 86% (17 317 of 20 170) of all HIV-related deaths among Black men in the United States aged 25 years and older and 66% (13 903 of 20 941) of corresponding deaths among Whites in 1999 to 2002. Numbers of HIV deaths among women were too small to permit efficient analysis.
Outcome Measures
National outcomes. We compared age-and gender-specific Black : White MRRs and 95% confidence intervals (CIs) before and after the In the United States, Blacks have a disproportionate share of mortality from HIV compared with Whites. [1] [2] Blacks comprised less than 15% of the US population during the course of the epidemic 3 but accounted for 39 .7% of all cases (368 169 of 928 188) reported through 2003. 4 The approval by the US Food and Drug Administration of protease inhibitors for marketing in December 1995 and March 1996 introduced the use of highly active antiretroviral therapy (HAART) for US adults, which has led to significant declines in HIV mortality. 5 Rates of decline have been unequal, [5] [6] [7] however, with mortality rates among Blacks and women remaining high. 7 We used multiple strategies to describe national trends in HIV-related mortality among Blacks and Whites before and after the introduction of HAART in 1996 (hereafter referred to as pre-HAART and post-HAART).
METHODS Data Sources
The Compressed Mortality File (CMF) of the National Center for Health Statistics (NCHS) is a public-domain mortality and population database containing annual national-, state-, and county-level information specific by age, gender, race, and cause. 8 As specified
by NCHS, we used category codes 042 to 044 of the International Classification of Diseases, Ninth Revision (ICD-9-CM ) 9, 10 for HIV from 1990 to 1998 and category codes B20 to B24 of the International Statistical Classification of Diseases, Tenth Revision (ICD-10) 11, 12 for 1999 to 2002. In this report, age categories and year-by-year inclusions reflect confidentiality requirements. In addition, we used US Census information (Short Form 3 of the NCHS) 13 16 Use of this method entailed the following steps: (1) ranking all US counties, parishes, independent cities, and the District of Columbia for each variable; (2) obtaining the rank of each variable for each of the 140 communities; (3) summing ranks for educational attainment, poverty, and the complement of per capita income (so that higher ranks for each element equated with lower socioeconomic status); and (4) dividing the sum derived from step 3 by 3. One specification (used in models 1 and 2) included only cross-sectional sociodemographic factors, whereas the other specification (used in model 3) also included pre-HAART measures of the dependent variables to estimate change between the 2 periods. We performed multivariable analyses to predict Black : White MRRs using ordinary least squares 17 and used a negative binomial model to predict the mortality rate among Blacks. 18, 19 The socioeconomic index was prepared using SPSS version 13 (SPSS Inc, Chicago, Ill). 20 Multivariable analyses were performed using SAS software (SAS Institute Inc, Cary, NC). Note. Reporting is restricted to 10-year age groups for which reliable data for all years were available. The horizontal line indicates the introduction of highly active antiretroviral therapy. 
RESULTS
National Mortality Table 1 shows average pre-HAART (1990-1995) and post-HAART (1997-2002) Black : White MRRs for men and women aged 25 to 84 years. In no case was there overlap in the age-specific 95% confidence intervals for the pre-HAART versus post-HAART period. After the introduction of HAART, all MRRs among women were higher than those in the corresponding age groups among men, and with the exception of persons aged 75 to 84 years, there was no overlap in the 95% confidence intervals.
County-Level Mortality
Descriptive statistics. In 1999-2002, the mean SD for age-adjusted mortality from HIV among Black men in the 140-county cohort was 65.1 ± 47.2 per 100 000 (ranged = 15.7/ 100 000-332.9/100 000). The corresponding value for Black : White MRR was 7.2 ± 5.0 per 100 000 (range = 0.91/100 000-37.3/ 100 000).
Longitudinal change. Percentage changes in age-adjusted mortality among Black men and Black : White MRRs varied widely. Among the 140 counties, 118 (84%) experienced a decline in mortality among Blacks; percentage change from pre-HAART (1990-1993) to post-HAART (1999-2002) period, however, ranged from -80% to 325%, with a mean of -25% (95% confidence interval [CI] = -17%, -33%). Correspondingly, 137 counties (98%) experienced an increase in the Black : White MRR; values ranged from -23% to 724%, with a mean of 139% (95% CI = 121%, 157%).
Initial socioeconomic analyses. The Black : White poverty rate ratio (P < .001) and socioeconomic index (P = .001) were significantly associated with Black : White MRR; only socioeconomic index (P < .001) was significantly associated with mortality rate. Identification of anomalous counties and new predictors. There were no counties with anomalously low Black : White MRRs. Greene County, Mo, which had the highest MRR, was deviant because of its low percentages of Blacks and Hispanics (both below the 5th percentile). Ranking 2 through 6 behind Greene County were Forsyth County, North Carolina (MRR = 30.0), Delaware County, Pennsylvania (MRR = 21.9), Monmouth County, New Jersey (MRR = 18.7), and New Castle County, Delaware (MRR = 18.3); these values were also higher than predicted by the socioeconomic model.
Repetition of the multivariate analysis. When percentage of population that was Black and percentage that was Hispanic were added to the basic socioeconomic model, both were significantly associated with Black : White MRR (the dependent variable), and both were negatively correlated with MRR (P = .009 for percentage of Black residents and P = .001 for percentage of Hispanic residents). None of the socioeconomic factors were significantly associated with the dependent variable. The percentage of variance explained by the model increased to 13.1% (P = .001). For mortality rate among Blacks, only the socioeconomic index was significant (P < .001). All counties with anomalously high MRRs in model 1 also had anomalously high MRRs in model 2. Results for model 3 (in which a longitudinal predictor was added to the factors in model 2) are presented in the following section.
Longitudinal analyses. In Figure 2 and Figure 3 , communities at or near Black-White MRR equality or high inequality after the introduction of HAART were also at or near equality or high inequality before its introduction. In all 16 of these communities (Figure 2 Pre-HAART county values for ageadjusted Black : White MRRs were added to produce model 3 in Table 2 , and pre-HAART county values for age-adjusted mortality among Blacks were added to produce model 3 in Table 3 . After we accounted for Note. CI = confidence interval. Reporting is restricted to 10-year age groups for which reliable data for all years were available.
the pre-HAART MRR-which had a small but highly significant association with the post-HAART MRR (P < .001)-none of the other variables were significantly associated with the post-HAART MRR; the percentage of variance explained increased to 58%. As shown in Table 1 , the percentage of residents who were Black (P ≤ .001), the socioeconomic index (P ≤ .001), and pre-HAART mortality among Blacks (P < .001) were all significantly associated with post-HAART mortality among Blacks. 
DISCUSSION
HAART became available for use in the United States in 1996. 15 In every age and gender group for which reliable data were available, the disparity between pre-HAART (1990-1995) and post-HAART (1997-2002) mortality from HIV was higher for Blacks than for Whites. In addition to the HIV data, the stability of national pre-and post-HAART mortality for AIDS-defining conditions is consistent with the hypothesis that observed pre-and post-HAART changes in mortality rates were because of HAART. If something other than HAART had been responsible for the increased disparities in HIV-related post-HAART mortality, it is reasonable to expect that disparities in AIDSdefining conditions should have increased as well; however, this was not the case. Although these data are largely ecologic and descriptive and cannot test the hypothesis that HAART caused these increased disparities, the information is sufficiently suggestive to support further inquiry. In these data, the plight of older persons and women is striking. People aged 65 and older experienced the greatest disparities in mortality, particularly after the introduction of HAART. Regarding women, Black women in all age groups had no less than a 13-times greater risk of dying from HIV compared with White women of the same age, and Black women aged 65 to 74 years had more than a 20-times greater risk than did White women of the same age. By contrast, in only 1 age group (those aged 75 to 84 years) was Black men's relative risk more than 13 times that of White men.
More encouraging, however, is that neither pre-HAART nor post-HAART Black-White disparities in HIV-related mortality were universal among US men aged 25 years and older. Also, whether the outcome of interest was MRR or mortality rate, place (i.e., where a person lived) was important among Blacks, in part because places with lower inequality and lower rates before the introduction of HAART also tended to have correspondingly lower values after HAART's introduction. Specifically, although county-level socioeconomic and demographic factors were important predictors of post-HAART disparities (i.e., MRRs) among Black men aged 25 years and older in the cross-sectional models (1 and 2), pre-HAART MRRs appeared to account for a greater proportion of the variance than any other variable in the model, in part because of the magnitude of unexplained heterogeneity in these cross-sectional models.
After we controlled for pre-HAART MRRs, the protective racial/ethnic context within the county (evidenced by the lower MRRs associated with higher percentages of Blacks and Hispanics) was not significant for percentage of the population who were Black and of only borderline significance for percentage of the population who were Hispanic. Social inequality (represented by Black:White poverty rate ratio) also emerged as a borderline significant risk factor. By contrast, a higher socioeconomic index (indicating lower contextual socioeconomic status) was highly significant in all 3 models when the dependent variable was Black mortality, thereby reminding us that that Black mortality and Black:White MRRs for HIV may have different determinants.
Counties with anomalously high MRRs may be extreme examples of place effects. Two of these communities were contiguous (Delaware County, Pennsylvania, and New Castle County, Delaware) and 3 (Forsyth, Gaston, and Wayne Counties) were in North Carolina, raising the possibility of shared experiences.
Because identification of anomalous county characteristics significantly improved the socioeconomic model predicting disparity (i.e., Black : White MRRs) in these data, the results suggest that further characterization of these communities might lead to further strengthening of the model. In pursuing such inquiries, the high variability in outcome by place and the apparent complexity of the interplay between factors that increased risk and those that were protective should caution against studies of single communities contrasted with communities across the continuum of overall outcomes. Detection of dose-response group relationships might be especially enhanced by a multiple community approach.
Several hypotheses could be considered. Nakashima and Fleming, 5 for example, suggest that slower declines in numbers of cases of HIV among Blacks may partly reflect the later appearance of epidemic peaks among heterosexuals and substance abusers, because Blacks with HIV are more likely to be heterosexuals and substance abusers than are Whites. Comparative analyses of HIV incidence and survival among heterosexuals and substance abusers in communities with and without evidence of overall Black-White equality in disease outcome could address this possibility. Another possibility is that diffusion of HAART itself (with diffusion defined as "the process in which an innovation is communicated through certain channels over time among the members of a social system" 27 ) was different. A third possibility was suggested by Wallace et al., 28, 29 who stated that inability to meet demands for acute medical service ("medical gridlock") resulted from "increasing social disorganization of poor communities initiated and continued in considerable part by government policy." 28(p810) A fourth hypothesis-selective migration of the severely ill to medical centers after a diagnosis of AIDS, which leads to higher rates in the surrounding communities-has not received strong support 30 and would seem to be contradicted by the advanced medical care centers available in most of the 140 communities. Selective migration to rural areas would not appear to be supported for similar reasons.
31
With regard to unequal diffusion, Rogers 32 points out that medical innovations may exacerbate existing problems, in part because of barriers faced by those in lower socioeconomic strata. If this hypotheses is valid for this study, the strong influence of pre-HAART outcomes on post-HAART rates and disparities, taken in the context of previous scientific publications, suggests that more is involved. Specifically, channels of communication involved in HAART diffusion likely involve the interface between the community and entry to the health care system (e.g., lack of health insurance 33 and low levels of trust [34] [35] [36] ), activities within the health care
system (e.g., equality of care, 37 differential referral to clinical trials, 38 and differences in HAART regimes 39 ) , and the interface between initiation of HAART and the ability to adhere to medical recommendations. 40 
Limitations
There are several limitations to these data. First, the problem of ascertaining cause of death from death certificates is well known. [41] [42] [43] Also, an extensive literature documents the underreporting of HIV as underlying cause of death, particularly among women 44 and minority populations 45 ; if such underreporting actually exists, the mortality rates reported in our data could be underestimates. It could also be true, however, that local practices leading to underreporting among Whites would artificially inflate the Black : White MRRs. Second, HAART was introduced in 1996, just a few years before the transition from ICD-9 to ICD-10 in 1999. Because increases in deaths caused by HIV grew more rapidly among Whites than among Blacks after ICD-10 was implemented, 46 disparities might have been overestimated before ICD-10.
Although it is true that the widening of disparities as shown in the present data was well in place by 1998, the increases remained relatively stable after ICD-10 was implemented, making it difficult to discount widened post-HAART disparities as coding bias. Third, the extent of declines in AIDS mortality following the introduction of HAART may be illusory; mortality among people with HIV could have been attributed to something else (e.g., drug overdose), and HIV-related mortality might actually have remained the same. Smith et al., 15 for example, who followed a prospective cohort of women with HIV as part of the HERS (HIV Epidemiology Research Study) project, noted that all-cause mortality was unchanged between the pre-HAART (1993) (1994) (1995) (1996) and post-HAART (1997-1999) periods, probably because high levels of illicit drug use offset improvements in mortality from declining numbers of deaths from HIV; it
Note. In counties with at least 20 deaths among Blacks from HIV/AIDS.  RESEARCH AND PRACTICE  is unclear, however, whether national trends mirrored those of this particular study. Fourth, the changing patterns of associated mortality [47] [48] [49] make it increasingly difficult to use methods employed in past years 50 to estimate the contribution of HIV to deaths attributed to other causes. Follow-up data from nationally representative case cohorts would be helpful. Fifth, we used 10-year age groups in calculating almost all race-, age-, and gender-specific rates. Although this was the smallest age grouping available, 8 it is possible that variations within still smaller age groups affected the comparability of rates. Sixth, the socioeconomic and demographic descriptors used for multivariate analysis were ecological and will ultimately need to be understood in conjunction with multilevel analyses that include individual information. 51 Seventh, regarding identification of anomalous county characteristics, there are literally thousands of characteristics that could be considered, so the list of plausible factors we used could have missed important opportunities to improve the model. Identification of particular communities as anomalous in these models should be interpreted with caution, both because of the aforementioned possibility of missed opportunities and because of ongoing inquiry within the biostatistics community as to the best multivariable analyses to use for these purposes. 18, 19 This is a strong argument for primary qualitative and quantitative data collection within anomalous communities and other communities at opposite ends of the disparities spectrum.
Conclusions
These data show that Black-White risks increased after the introduction of HAART, that Black-White disparities in HIV-related mortality differ according to age and gender, that high pre-HAART disparities among women were raised to extraordinarily high post-HAART levels, and that communities had different vulnerabilities to disparity. Public health policymakers should consider epidemiological studies of existing hypotheses as well as the hypothesis of unequal diffusion of HAART in seeking to explain these patterns; they should also plan to identify places with unusually high disparities in mortality and not simply the riskfactor characteristics associated with individual vulnerability. Perhaps the most important observation, however, is that Black-White disparities were not inevitable in the United States, either before or after the introduction of HAART. Further study of relatively successful communities may improve public health theory and lead to increased national equity in outcomes, even as we reap the harvest already engendered by current innovations. 
